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Aerospace Corporation as a subcontractor during the conduct of 
this study. This study was conducted under the direction of the 
NASA Study Manager, Mr. Robert E. Austin, during the period from 
Octobei 1982 through June 1985. 

The first phase of this program focused on a ground based 
AOTV and was completed in September 1983. The second phase was 
directed towards a space based AOTV and the cryofueled propulsion 
subsystem-configuration interactions and was completed in March 
of 1985. The second phase was jointly sponsored by NASA-MSFC and 
the NASA Lewis Research Center (LeRC). Dr. Larry Cooper was the 
LeRC study manager. 

This final report is organized into the following three 
documents : 

Volume IA Executive Summary - Parts I & II 

Volume IB Study Results - Parts I & II 

Volume II Supporting Research and Technology 

Report 

Volume III Cost and Work Breakdown Structure/ 

Dictionary 


Part I of these volumes covers Phase 1 results, while 
Part II covers Phase 2 results. 
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STUDY RESULTS - PART II 


1.0 INTRODUCTION 

Technology payoffs of representative ground based Mid L/D 
AOTVs have been assessed and prioritized in Phase I of this 
study. These results have been summarized in Part I of this 
final report. Phase II of this study was directed towards 
identification and priorization of technology payoffs of 
representative space based Mid L/D AOTVs and the cryofueled 
propulsion subsystem - configuration interactions. 

Part II of this volume contains a 'complete compilation of 
the results from Phase II of this study. The compilation format 
for this volume is charts/figures and facing page text (Kent 
format ) . 
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O PROPULSION SUBSYSTEM 


Summary of Phase I Ground Based AOTV Results 




The first phase of this program focused on a ground based AOTV and was 
completed in September 1983. The second phase program was directed toward a 
space based AOTV and the cryofueled propulsion subsystem-configuration 
interactions and was completed in March of 1985. Major milestones are 



RE ENTRY SYSTEMS MID L/D AOTV SYSTEM TECHNOLOGY SCHEDULE 

OPERATIONS 




Many combinations of basing and launch vehicle options, staging 
scenarios, missions (delivery, servicing, or manned round trip), and target 
orbits have been considered. The areas of primary emphasis in Phase I of this 
study are identified in the Figure. Major conclusions of Phase I will be 
summarized . 


AOTV PERMUTATIONS AND COMBINATIONS 



PHASE II EMPHASIS 

PLUS EVALUATE PROPULSIVE SUBSYSTEM - CONFIGURATION INTERACTIONS 
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The advanced technology areas identified in Phase I of this study which 
offer significant benefit to ground based AOTV are listed. 
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AO TV dry weight also has a substantial effect on the payload delivery 
capability. The combined effects of AOTV hypersonic L/D and dry weight are 
summarized in the figures for the polar and GEO delivery missions for 
state-of-the-art and growth technology vehicles. 
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STATISTICAL APPROACH 



ADVANCED EXPANDER CYCLE, ISP ~ 480 SEC 



At conferences and meetings which occurred during the Phase I AOTV 
studies, significant differences of opinion arose among members of the 
engineering community on the subject of man rating an OTV and the minimum 
number of engines required for a man rated OTV. The position of this study 
team on some of these issues is summarized in the figure. 


I 


CNJ 





SUMMARY OF POSITION ON MAN RATED AOTV 
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GROUND BASED OH-3 
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♦PHASE II RESULTS INDICATE THAT STORABLE PROPELLANT ENGINES 
MAY BE MORE ATTRACTIVE 




Technology Analysis are listed. 
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2.2 Summary of Phase II Space Based AOTV Results 

The second phase of this program focused on a space based AOTV and the 
cryofueled propulsion subsystem-configuration interactions. This phase was 
completed in March 1985. Major milestones are illustrated. 
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CONFIGURATION OPPORTUNITIES UNIQUE TO SPACE BASING 




The major conclusions from Phase II of this study are enumerated. 
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PHASE II STUDY RESULTS 
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AOTV GENERAL MISSION MODEL DEFINITION 



Operating scenarios were established for the several reference 
missions and AV budgets determined for use in the performance computations. 

GEO delivery was examined in two modes. In a single stage mode 
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Figure 13 Operating Scenario for AOTV-GEO Missions 
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In the Phase I Ground Based portion of this study, it was assumed that 
great flexibility existed on launch time so that there was only a small V 
budget for phasing. In this Space Based portion (Phae II), however, it is 
seen that lengthy departure delays are required due to the nodal regression 
rate differences unless a much larger A V budget is provided. 


I 


C\J 

lD 


CO 


>■< 

e s 

H Ui 

58 


S 3 


<z> 


>- 




/-N 




CO 

I 

1 

o 



LU 
X LU 

o 

o 

S 

LU 

OO 

oo 

CL 

CD 

•— 

II 


<c co 

o 

CM 

o 

i-H 

<c 


a: 

LU 

LU 

>- 


> i— 


f^A 

Q- 


I- 

_l 


H— 


LL 




a 



CO 

•— < 


s-x 




LU 

Q 

LU 


_l 






CO 

2 

CSC 

CO 



* 




<c 

ID 

LU 

LU 

CO 






CO 

O 

ZXZ 

ac 

<c 







cr 



CL 


/“N 




LU 




<c 


1— LU OO 

o 

tH 1 

o 

LU 

UJ 

CO 

a 

LU 


— z >- 


LA 


<c 

> 

LU 

LU 



<c — <c 

H 



CL 



cn 

> 


1— CO 




CO 

CO 

LL 

j ; 1 

< 






CC 

=3 


esc 







CD 

Q. 

3S 

<c 

LL 






LL 

O 

LU 









a: 

CO 

/■“■s 







OO 

CL 


CO 

% 





•—4 

1— 



>- 

OO 


Z LU 




LU 

_j 

LU 

<c 

LU 

• 

•— LU 

O 

O 

LU 

CD 

-J 

CO 

CO 

LU 

^-4 

z oo 

LD 

O 

OO 

CO 

< 





> s 

O 

O 

<c 




LL 

LU 

LU 

H— 

LD 

LA 

□c 

PQ 

i 

<c 

O 

CSC 

CO 

LL 


CM 

CL 



CD 


LU 

<c 

w 




> 



CO 

LL 

z 







CO 

CO 

LL 

CL 





<3 



LU 









o 

DC 

CO 

LL 








CO 


O 

O 






CO 


LU 


h— *-S 


LA 




CO 

zo 

\— 

CO 

O 

O 

• 






<c 

1— 

23 \ 

LD 

OO 





w 

QC 

1 

O ~ 

S 

CM 

P 






=3 

•— i -* z 

o 

M 

M 



CO 

CO 


CO 

CO \ . 

o 

O 

O 


MM 

LU 

>- 

CD 

LU 

OO X 2 

cr 

LU 

LU 



CO 

<c 


C£ 


H 

LD 

LD 



<c 

_J 

OO 








CO 

LU 

CO 

CO 





f A 



CO 

LU 

LU 







LU 


CSC 

CO 





z 


LU 

LU 

LD 

<£ 





Ui M 

<c 

CC 

LU 

CO 





S2 

CL 


OC 


23 




a) % 


CO 

H- 


a 

O -« 




V o 


oc 

_l 

2C 

— X 





>- <c 

Z CL. 
<C LU 
Z O 


<c =d 
a o 
o oc 

Z CD 


<c 

CL. CO 
CO 


H- 

z o 


LA 

LA 

OO 

s-/ 


m 

• 


o 

O 

00 

OO 

LU 

LU 

CM ~ 
CM 

LD 

CM 

CM 


no 

in 


a 


i— I - X 



a> 




03 

U 



44 



c 

03 



X 

03 

03 


■i4 



05 

U 


c 


X 

X 


r-4 



H 

C 1 

73 

M 

0 

cn 

44 



• 


a 

05 

03 


44 

•«4 



0) 

03 

03 


a 

O 



X 

03 

0) 

X 

Vj 

73 

«-4 

u , 

r4 

• 

73 


tJ'JZ 

X 

P 

* rH 

05 

O 

>i 

0) 

03 

>1 

c 

44 


Cn 

> 

X 

44 

03 . 

rH 

03 

rH 

03 


>1 

•H 

o 

X 

U 

a 

U 

P 

X 

X 

- 

X 


u 

X 

03 


X 


05 

o 

73 



a. 

U 

a 

03 , 

x 

<13 

u 


C 

>1 

03 


O 


x 

0) 

XI 

03 

o 

P 

r-4 

X 

o 


0) 

44 

> 


73 

44 

o 

c 

X 

X 

03 

O' 



c 

•H 


X 

o 



x 

u 

c 

4* 

03 

03 

73 



c 

a> 

X 

05 

o 

O 

O 

c 

03 

44 

c 

•H 

X 


i-4 


•H 


o 

>1 

o 

03 



0) 


c 

4* 

73 

o 

o 

o 

> 

73 

C 

cn 

X 

o 


03 


i—l 

X 

••4 

03 

03 

c 

05 

•rH 

0) 

CJ 

03 

a 

03 

U 

X 

u 

05 

x 

03 

03 

a 

03 

a 

w 

73 

05 


x 

44 

X 

CHTJ 

•H 

03 

03 


u 

> 

u 


3 

•H 

0 

rH 


> 

03 

X 

H 


73 

CU 

U 

u 

44 

cn 

O 

X 

03 

O 

o 

0) 

o 

03 

a 


C 



P 

< 

44 

44 

u 

a 

03 

•«4 

03 


rH 



05 

a 


44 

rH 

03 

03 

u 

r-4 

D 

73 

U 


0) 

44 

U 

X 

03 

03 

•H 

\ 

c 

44 

44 

i-4 

•H 

■H 


CU 44 


i-3 

05 

03 

U 

X 

r4 

X 

03 


03 

03 



c 

0) 

05 


03 

U 

03 

C 

u 

73 


o 

■r-i 

03 

0) 

> 

03 

C 

03 

05 

•H 

w 

a 

C 

P 

X 

a> 

* 

O 

u 


& 

u 

<1> 

X 

03 

44 

X 



X 

03 


o 

73 


U 


44 

U 

03 


c 

U 

u 


0) 


44 


O 

X 

X 

o 

o 

u 

03 

03 

05 

0 

0) 

44 

44 

03 

•H 

144 

03 

•H 

C J» 



P 

U 


03 

X 




o 

03 

rH 

X 

03 

44 

X 

03 

U 

73 

44 

a 

05 

rH 

44 

> 

< 


■*4 

O 

a> 

■*4 

05 


03 




a 

U 

X 

4J 



> 


73 

44 


p 

05 

<J 

05 


0> 

i-4 

' > 

i C 

44 

• 

a 

> 

03 

H 

03 

x 

c 

rH 

03 

**4 

03 

■rH 




0) 

> 

P 

G 

X 

o 

u 


X 

C 

X 

03 


o 


a 

o 



<0 

03 


05 

03 

03 


c 

X 

p 

•H 

cn 

> 

03 

73 

03 

X 

a 

03 


03 

X 

o 

X 

c 


C 

O 

X 

a 


r* 


a 

■rH 

a 

u 

X 

o 


a 

X 


03 



u 

r-4 

05 

03 

o 

< 

% 



X 

CJ 



O 



03 

05 


03 

0) 

X 

05 

c 



X 

03 

r4 


X 

03 

73 

03 

•«4 

X 

03 

• 

03 

u 

X 

i-4 

U 

ax 

O 

05 


•H 

X 

< 

-H 

03 

X 

P 

03 


X 

e 

a 

c 

X 


X 

03 

04 


c 

X 

>i 




05 

u 

73 

CJ 

>. 


X 

— - 

X 

X 

cn 

03 

0) 

X 

O 

C 

\ 

rH 

u 

o 


o 


C 

cn 

c 

X 


03 

s 

03 

X 


rH 


73 

•*4 

c 

o 


03 



c 

c 

c 

o 

c 

03 

N 

<0 


- 

X 


u 

< 

03 

o 

u 

HH 

N 

X 

X 

03 

u 

X 

03 

03 


X 

•*4 

X 


X 

X 

o 

X 

03 


73 

X 

03 

u 

X 

c 


X 

X 

1 

X 

X 

X 

P 

0) 

a 

03 

05 

o 

• 

05 

X 

0) 


O 

o 

X 

a 

03 

a 

r-4 

o 


03 

p 

c 

c 

O 


•rH 

03 

X 

o 

P 


73 

u 


<0 

•H 

u 

c 

X 

u 

03 

u 

73 

>1 

03 


73 

X 



o 

X 

03 

>1 

03 

O 

u 

U 

03 

C 

a 

s 

03 

•H 

05 

a 

C/3 

C 

S 

O 

X 

U 

05 

i 

03 

O 

X 






X 

03 

05 


0 

U 

c 

03 

a 

Cn 




o 

03 



c 

P 

<33 

G 

p 

c 


X 


03 

73 

03 



X 

X 

X 

a 

•«H 


• 


•n 


C 

04 

0) 

a 


X 

X 

73 

<N 

<N 


05 

X 

X 


•rH 

05 

73 

u 

C 

05 

• 

• 


u 

X 

<0 

< 

X 

U 

C 

G 

X 

O 

m 

no 


X 

— 

O' 


4J 

= 

05 

X 

a 

X 


LD 


I 



Space Based Configuration Development 


I 


CD 

Ui CD CD 

<o x: x: 

E-i 4 -> 

10 

> C 

H • «-» 
O M 
< TJ 

CD CD 

Q W C 

<0 *H 

►4 jC ^-h 

04 -P 

T5 P 

*h C Q 

6 -H 

CO 

T 3 TJ -h 
(D CD 
tO 0» CO 
CO O C 
CQH O 
CD *H 
CD > 4J 
U CD (0 
<0 T3 P 
Q- P 

C/5 CO CP 
C *H 
U o 4-1 

O -h c 

4-1 4J O 

co a 
co u 


C CP CD 
-H »iH CO 


H 4C (0 


<D C XI 
T3 O 
•h UT 3 
3 C 
CPTl D 
CD O 
C CO U 

O cO cn 


•H X) 


4J CD 

co T3 jC 
u c 4-> 

3 3 
CP O 44 
•H U O 
4-1 CP 
C >1 

O CD u 

0 X 3 0 

4-> 4J 
CO CO 


3 e -h 

o o x: 


u u 


CD 4-» 4J 

e c 

P CD CD 



CO O CD 

C4 

I— » 1 u 

• 

*h CD D 

(N 

CO > CP 

• 

> CD -r4 

co 

cO TD &u 


<x> 

LD 




L/D FOR LARGE PLANE CHANGE MISSIONS 
PROPULSION MIXTURE RATIO & AFT FRUSTUM ANGLE 


4 J 4J 

x: c 4 jx 

CP <1) X CP 

*H *H 03 J* CP-H 

cp 6 m ja c *h a> 

C u (0 0) £ 

-h -u a) tj 4-> 5 

TJ <0 > TJ <TJ >i 

(OXd)CXJJQJ^ 

O 4J W fO C ^T3 
r4 X! <CJ 2 

(A W UH 4JH 

4-> C • 1) -H H U (0 

WOW CPX 03 2 4-> 

•h -h CU T3 £ Q» w o 

H 4J H <U O w 4J 
(TJ £ O U 03 

'O u u w a <u 

03 G 03 T3 TD -•-> 

oi oi CP4J a> > m c m 

c m h .g 4J tj me 

O 0)44 O'C 3 >i H 

-H u C-H p W UCA4-> 

4J O OHH « Uft (il 

(0 a> O -Q <0 Eh <D 

U TJ 0) 03 O 

3 > <D »-H 0 O 

CP .CH-h U1.COC4J 

-rH 4J O H 0) W 4J -H 

*44 -H < Q* C »H TJ 

C £ E O C TJ 03 03 

O Q -H u -H <U 03 03 

cj a> \ n m g 

tj j ^ a) >i-h ja 

TJ 3 5) Url W 03 

0) 4J TJ H 0) W 03 U 

0) -H -H O jC G 03 X 0) 

(o itaoaoiQH^ 

CQ *H U 0) -H £ 

m a) > w 

0) 4J ^ 03 03 • 

O 4-» m • 'O U 03 03 03 

m x: c u o) cui— t c 01 

Q 4 cp u a) 4 J 0 0 m 

CO *H 0) iH (0 TJ *H X 

Hwopuxwa 

> *44 rH O H W 03 03 

Eh < 0 O( 0 m>-HC 

O U > P 6«H 

< 03 *44 03 03 rH QJ 

x: o a m 03 >tj 

Q CP m 03 > 03 W 03 

\ 'HC£U 03X:0)Ou 

►4 XIOU03 4J > O 

•H dJ a 0) *H H 

TJ *444-3 04 03 03 *44 rH 03 

*h O ' «J G O O 03 > 

£ H * O X 'O 03 

(0 O 03 H 4J X 'O 
03 TJH U 4J CJ 03 

4 J c ac io o (ox uj 

m 03 X 03 U4JU4JS 

C w o £ 3 x: 

U 4J O' u X JJ 

03 4J 'O H m • JJ -H 

4J 0) 03 c 4-1 H W -H Ui 
rH XOHOC-H0JO • 

< H CP 0 6 4* CP> 

CPU CJ -H 0J4J»hEh 

g 03 03 u c m o 

01 X *44 4J 0) < 

rH CP O CJ c/3 4J CP 

• H *H 01 G 03 

(N < X 03 C TJ H -H X 

• 1-3 03 O 03 03 |H 4-3 

cn cj >i a cj TJ c m 

\»H >i-H TJ O (J *44 

544 43 4 (0 U W O 


CO 

LO 


m 


DEVELOPMENT OF SPACE BASED CONFIGURATIONS 







OO 







CD 














Z 







o 







cd 







HH 







CO 




LU 



c 




O 



_ J 




Z 



CD 




I— 



'X, 





>- 


3 




h- 

CD 






— J 


o 

v 




< 

LU 

z 

ZD 

V 

V 



1— 

s: 

> 

o 




1— 1 

z 


CQ 




CO 

z: 

DC 





a: 

►— « 

O 

h- 

< 


LU 

o 

z 


o 

u 


r\ 


»— » 

OO 

o 

CD 


o 

z 

z: 

1— H 

z 



1 




oo 

3 


LU 


Q 

o 

on 




o 

LU 

Z 

LU 

LU 


y 

UJ 

OO 

Z 

D> 

> 


LU 

— J 

< 

o 

O 

C 



CQ 

LU 

CQ 


z 


LU 

ZEL 

cc 


I— 



| 

LU 

cd 

h- 

c 

1— 



oo 

z 

O 


< 



O0 

■— i 

o 

>- 

z 

Q 

m 

< 


z 

-J 

1— 

UJ 

LU 


z 

oo 

Ll 



;» 

LU 

i— 

OC 


z 

< 


CQ 

•— i 

LU 


o 


~T* 


3 

D> 

c 

♦-H 

u 

o 



o 

CD 

J— 

< 

z 

c 

LU 



< 


z 

CD 

OO 

h~ 

OO 

z 

LU 

<c 


< 

< 

— 

-J 


1 

OO 

LU 


D> 

< 




oc 

LU 

f- 

> 

OO 

o 

o 

cd 

CC 

O 

LU 

CD 

LU 


LU 

ZD 

< 



LU 

H— 

o 

1 — 


oc 

Z 

o 

CD 


CL 

o 

o 

o 

X 

LU 

X 

c 


Ll 

CD 

LU 

OO 

u 

cd 

_J 





—1 



O 

CQ 

»— 

•a: 

oo 

LU 

2 

00 

OO c 

Q 

*— i 

LU 

CL 

O 

z 

-J 

LU 

< -U 

z 

o 

W 

1— 

Z> 

z 

CL LU 


u 

$ 


o 

LU 



LU 


o 

CD 

LU 3 

CD 

D> 

ul 


2 : 



►— i 

LU 

H* 



CD 

O a: 


O 

00 


#» 

z 

LU 



•* 


> 


O' t— 

LU 

OO 

00 



1— 

O LU 

LU 

zz 

LU 


o 

c 

u. e: 

CD 

o 

CD 


< 

LU 

<c 


N-* 

O 



3 : 

LU Of 

a: 

H- 

LU 


Q 


Q C 

LU 

< 

3 


LU 

Q 

z cl 

CL 

oc 



OO 

Z 

h- 


z 

* 


<c 

< 

•— CD 

>- 

CD 

00 


CO 


H- Z 

on 


LU 



OO 

—J ' 

LU 

Ll 

z 


LU 

o 

< Q 

>► 

Z 

o 


CD 

<C 

<C 


o 

CD 


<c 

o 

2Z O 


CD 



Q- 

-J 

ZD -J 

LU 


LU 


CO 


z 

O 

LU 

on 




•~t h- 


CD 

LU 



<c 

Z Ll 

o 

on 

z 


o 

LU 

t— 4 M 1 

LU 

c 

Cl 


Ll 

Cl 

3E —1 

CD 

— j 

00 


o 

O 

o 

O 

o 

o 



liO 


o TPS + STRUCTURE WEIGH 


I 



u 



P 

c 


03 

0 



(0 

0 

44 

a) 0 ) 



c 

•* 

0) rH 

O 

J* G 



0 

T! CQ 

AlHdP 


(0 P 

04 03 


•H 

<U <K 

(Tj (TJ O' 

G 

U 

C -H 

c 

P 

JJ \ W 

u 6 

O 

P 0) 

(0 G 

(TJ U 

O 

<0 UC 

04 P 0) >1 

*H 

C/3 03 rH P 

a <D 

04 

3 OS O XI W X 

P 

(TJ 

a 

03 44 

P 

rH -H 

0 ) 

u 


O' 04 G WO 

C >-» £ m u C u 

*H U (0 *H (TJ a 
T> C >1 d>U 
TJ -H • G P rH 
<0 0 ) 0 ) P (TJ 

C£ C P £ 

4 H (TJ P (TJ TJ <TJ u 

O O rH C 0 ) <D 

c a«GG 

U) V 1 *H p 

£ a) g <d 4 J 

(O^TjOCCi) 

u (TJ 04 P (TJ 04 Cn 
O' U U ‘H rH P TJ 

op to a* a. cr a» 

ucoh a> 

a a 0 ) £ 03 O' 

0 ) G (TJ G G 

u t /3 c 4 J >i 3 -h 

0 ) a> 0 ) WT 3 

g g g c <d <tj 
4 JH J'H jCT 3 0 ) 

O P c H 

'O (0 

C • u a) c p 

•H (U fl U *H D G 
H 4 JIC C (TJ 
*0 O P *H *0 Q> O 
a) -h to a o 6 *h 
ax: 4 J a) 44 

O 0) 44 44 (TJ O'-H 
rH > O *H O C C 

a> o -h o' 

> o a> a> rH a-H 

U £ 03 

TJ G O' u 0 ) -h 

o c o u a> 

W O (TJ 4-1 (TJ ^ O 

(TJ-H O G 

g g p a> >1 o tj 
(tj tj a) x: o 
p u -h g w U 

03 0 > 03 p a 

a> h > 

u a> o 4 J - o tj 

0 ) C < C < G rH 
P O (TJ G G 

C O 0 ) U U P o 

•h g h \ c ^ 

(TJ P 44 5 (D 

rH -H > P 

(tj o >1 c a) a> (tj 

•h -u X 3 O' u u x: • 

p *<-4 g a -u w 

C — TJ 03 TJ £ 

(tj w a) a) o c a) 

P 0>P (DUDOH 


01 C (TJ P 


d) 01*0 (O D u 

> 03 <0 .-h g o> a> tj (0 

(y OD-h+jj: w w ai o 
*h G £ p (0 04 u u 


c p a 


a> 


a 


<D(Tj£G<Dou<tja>a 

04UO(TJrHPUPU(TJ 

X) o a 0 c G 

03 (/} -H TJ *H 4-1 4 J H 


a) g >1 G o) 

> -h u a) 0 p w 


•H (TJ G 
U 4-1 


(TJTJ-P^C>U-r-l(Da)4J 
X2 (TJ (D (TJ -H U a-H 
UgUTDuCCgG 
U OP04PO-h<DU 
■H 0) 0) C/3 C 03 -H C/3 P P 

c 03 O' c a) 4 J 

O (0 04 ro U (TJ 

U G G £ 

o 


4 0 0 

4 J g 


TJ 

a) c 


a> (0 

4-4 • O 

03 c 0 ) (tj 0 ) 

P *H 0 ) i-l 4-1 X) 

sou 


01 a/ o c O'-H g o 

(TJ G x: 03 P 


(TJ > O a (TJ 04 
(TJ a O -H rH 03 > (TJ 6 


w 01 g g m 
0) 


<D 

0 ) 4-1 TJ 04 04 


Wfl 4 TJ>fl)^-H(DOW 
rH X 2 (Tj rH C G 
(0 (TJ a> >iP U C TJ p 

U <H U P P (TJ O O 

44 p 44 04 u CO (TJ fi u a 


O 03 


> o 

^ -H 4-1 a ) P 04 

g 


a 


03 


03 u o 1 g x o 0 

U OH 0 (D P PPO 

rl 44 44 G H 0 ) 

■H 44 U a o\P 
0 ) P G w G O ^ 0 ) 


p 
0 X 3 

•h o x: o > 

u CN P O 
04 


O' 

•H <*> 


04 


Cm O P (0 


P TJ 4-4 CQ CQ <N G U 

u c o^ojk 0 op 

(TJ (TJ m G TJ G C /3 

u > in o' p c (tj 

(TJ <N 0 ) 0 ) • • (TJ p 

g fH -h g o o c 

U > P 


0 ) 


4-4 O 
H 0 ) O 


UOUUGGCO <0 

•H O O O 0 H J -H 

£ ,* < P G G 0 X U P 
(TJ CJ (TJ <0 01 0 \-H 


C (TJ 

>iP • (TJ O 04 03 


> £ TJ 
TJ 


TJ P O G P XJ *H >,44 (TJ 


G-HU(OOTJPO 

G^ 04 UP 0 )(TJU 

co c 04 p o a 

>1 0 ) CP O -H 

C O' <D a-H 44 £ 

G O' £ p -H 04 
•HP 0 ) p rH P 

J* 44 CP W a w 

03 -H (TJ P 04 £ >1 

rH U (0 U (0 03 


•h G O (0 • P 


U O 


<N TJ TJ p 04 


04 


U 
04 1 

< O O 04 P G 

P P U O •* *-H -H 
03 (TJ-HO03 04P - 

a) a O U 
»-H G *H P C G 
O' TJ03(0fH0)TJO 
CPC(Da(TJG04O 
(TJO*HU03>PUtH 


03 0 H -H > C G 
•HOP 


04 TJ O Cm 
GO 


O 









< 1) 


o 


U <D U 


O XB on 

0 0) 

6 4J C (U 

4J O 0) 

C >1 H 3 

id x: 

4-> id rH 44 > TJ 

0) 44 AJ 

0) JC -H O -H 

> n 

CT»4J U U CO 

*H 3 O 

#d 0) 'O u 

4J CO 4-> 

O u U N 3 

•H 

4-» 0) 4-> *fH CO o 

10 C <0 

XB *H <0 3 U 

C 0) 

4-> 4-> X3 £ O 

0) X* 

O (0 u 0) 4J 

U3 0) Id 

<D u to xz a 

C CO u 

a— e-» w \ 

•*H Id 4-1 

X C 3 J 

0) <0 

0) g 0) H 

>1 U 

3 0) • TJ U 

H U O' 

C 4J X3 TJ <d -h 

0 ) 0 ) c 

<0 CO 0) u c 

> T3 *H 

UDID4J O 

•H TJ 

U > id d) U 

4-0 TJ 

0) 44 1$ C CO «r4 

id o id 

? £-H Oi3 

rH O 

jc e c 

0) rH 44 

4J 4-> O 4-1 

^ o 

(/> -h id T3 > O 

>1 

4J ^jC E-t 

whx: 

rH 4-> 0) O W 

•H c O 

3 <0 CO < 0) 

O id 

10 O CO o o 

<D O 

0) *H O C 0) *— 1 

u U) u 

n c -h x; 

3 a) a 

O C <D 4-> Q) 

4-> u a 

0 ) U OJD a 

Id 3 Id 

^•h u (T* O 

u TJ 

id -Q -H o C C/3 

0) O (0 

U J3 -U *H 

a v-i -h 

4-» C CO 

£ ax 

(I) O Od (0 • 

0) 4J 

i £ a> o) a 

4J < 

0) <0 4J u t-i 3 

J 4J 

CO) 0) O 4J 

o U Id 

ox aid c w 

o \x: 

o id x: *h 3 

Id £ 4J 

1 4 H W i-4 

4H 

0) 4J c >14-1 

u c TJ 

u U) OX3 

3 *H 0) 

0) *U0) 

CO 'O * 

x: u to *o x: 

c cd 

a 0) O 0) 0) 4-> 

rH o 0) 0) 

(D cn-H u u) • 

Id-H g 3 

u a id id 4-i in 

a 4J g w 

(A Id Id 0) 4-1 3 

0 u o u 

3 rH C >1 u O -H 

rH 3 O 3 

O >iT3 U TJ 

tj a) a 

■Hgd3C4id 

0) 0) U 

> O O 4-» -H 0) U 

O U 0) 

0) u U CO XB 

C CO X3 

V-i 4-1 a> 0) 4-i 0) 

**H oV» **H 

a id wx 4 w 

l/) TT 4J 

Q -H 3 0 

m 4J O 

c \t> x: o 4-i c 

*^-*H C 

O X) 0) 4-> CO 

u 

^14J H X d 

<D Q * U 

TJvJid u id o 0) 

> "S • — ' *«H 

0) o o co 

<U <1) C 

w -h 4-i c x: id 

S ^ O 

iQd a id wo) 

Od 3 u 

o c Od u n 

B C -U*H 

Id TD 0) £ O 

Id Id X3 

4-> 0) o c 

u 

.J-* O X* X3 *h 

< 0) u 

u 0) o) id 

ua-H 

/I CO rH U 0) 0) 

u a co 

\J o o) 4 x x: x: 

\ 0) id 

C W W4J4J 

£ 4J X3 



SUMMARY OF AERODYNAMIC CHARACTERISTICS FOR BICONIC MID L/D AOTVs WITH STRAKES 
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RE-ENTRY SYSTEMS SUMMARY OF BLUNT CONE & WEDGE CONFIGURATIONS EVALUATED 
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RE ENTRY SYSTEMS 
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MAXIMUM LOCAL HEAT TRANSFER RATE (FTU/FTSEC) 
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TOTAL PROPELLANT REQUIREMENT FOR SEVERAL MID L/D AOTV 

GEO DELIVERY MISSIONS 



DELIVERED GEO PAYLOAD - 



Specific characteristics of the space based mid L/D AOTVs that were 
compared in the previous figure, are summarized in the following table. 
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SPACE BASED MID L/D AOTVs USING CRYOGENIC PROPELLANTS 
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PROPELLANT TRANSPORT COST 
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EFFECT OF DELIVERED PAYLOAD MASS ON SPECIFIC PROPELLANT 
TRANSPORT COST FOR THREE OPERATIONAL METHODS 
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clear advantage over single stage operation; and use of a stripped manned 
vehicle off-loaded for GEO delivery incurs substantial penalty. 
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SPACE BASED MID L/D AOTV SYSTEM PAYOFF 


OO 

cc 


— J 

00 





CD 




o 





o 





o 

> 


in 



<C 


in 

ID 

An- 

OO 

00 

• 

» 




CO 

CSI 

ti 

H— 




OO 




o 

o 




LU 

CJ 





oo 


to 


00 

« 

o 


CO 

m 


CSJ 

co 


00 

CO 

d 

CSJ 

CO 


o 

X 


O' 

>- 


oo 


oo 

o 

o 

>- 


Q. O U 

3 •— o 


in 


it 

o 


©> CO 


£] O- 
s: oo 
o ~ 


LU 
h- CD 
00 < 
I— 
to 00 
00 


<c 

o 

t— 

o 

II 

o 


CO 

<Sj 


\ II 
-J 

a. 
o m 


CD 


oo 


o. 

o 

cc 

CL 


< 

o 


< 

o 

I— 

in 


oo »— 

-j 

ii 

o 


2 

LkJ 

Q_ 

O 


o 

< 


o 

<2> 00 


O. 

00 


CD 

< 


OO 


LU 

> 

00 


M CD 


o. 

o 


< 

o 


Q O 
^sCO 


«> H 


§ 

a. 


c 

o 


c LU 


00 


UJ 



O -j 

LU LU 


LU UJ 

—1 

lu a. 

5F 

o£ a 

1- CD 


1— CD 

CD 

I— 00 


LU Z 
<t HH 


It 

22 

Z 

2C 

" 5 

to 

LU O0 

Q. 

LU OO 

00 

LU 

O.^ 

Q 

a. 

OO 

CL 


CL UJ 

00 

Z LU 

o LU 

M 

O LU 

o 

O CD 

• II 

< > 


w»C0 

^ -J 

h- 

w < 


1-4 

CD 


CD 


H— 

Q. 

LU 00 

1“ z 

LU 

»— z 

UJ 

in 

LU 00 

Z _» 

OO •— 1 

Z 

00 *-h 

z 

00 

z M 

*— • D 

■—» 00 

II 

•— i OO 

•— I 



CD Q- 

00 

CD 

to 

CD 

00 o 

CD 

z o 

OO LU 

z a. 

00 LU 

z 

00 

Z LU 

lu a: 

< > 

LU OO 

< 

LU 

< ^ 

LU CD 

CL 

o ' 

»— « 

o *-• 

*>— »» 

O 

_ < 


OC 00 

3:^ 

QC OO 

3C O 

CC LU 

S 1— 

LU _J 

LU _J 

UJ 

LU -J 

LU 

LU UJ 

LU 00 

Z -J 

< => 

Z UJ 

< =D 

Z II 

< CD 

z 

< 

Cl. 

CD 

CL 


1—4 


o 

Q O 

o < 

o o 

O O 

O 0£ 

o o 

Q O 

O QL 

O h- 

Q OC 

O \ 

O LU 

o 

< h- 

<C D- 

C 00 

<t a. 

< -J 

< CL 

< ^ 

„ * 





^r— ,, 


r— 

CSJ 

CO 


in 

ID 







^—4 



; 

! 


00 


t 

I 


<4-4 4-> 

O C 01 01 

<0 X *-4 

4_) <4-4 cH 4-J <0 X 

W) O «-H C <0 ij 

0 a) g U Jj c O 

U C ao 0) ao-n 

0) O u 4-1 0) *H (0 
H^UIWXU-Ug 
(Q (0 a 01 U dJ 

01 4-> 4-> dl u o 

u ^ x 2 £ 

oi dJ 4-> oi a>4-> 

d) jo oi a> -h *h 

x u c ^ oi 

Eh c 0 ) 01 C X 

<0 01 X TD T3 O 4~> 

ox: ai o u 

• 4-> - u g o 

-a 4-> oi a) > 4J • 

(1) fl 0) C > WH 0) 

4Jxuoo-«hooiu 
iq4J^-huj:<wd 

X) T) w 4-1 a) cn 

(D ai oi oi oi q^-h 

TO On-i'HXI^XW^ 

\ <o a ** xi c 

'O 4-1 O 4-1 dJ 0) 

fl) C4JT3 O 0JT3 X 

4-1 dJ <DCe-HW4J 

m > w c -h a 3 

CHT3 C CTJ 4J O C 

•H (Q o Id (U 0) *H *H 

4-> H g UMAX u 

01 01 01 G*H H<0TJ 

0) X 01 0) X > <11 

> 4J -H £ AJ 4J 4-> 

C g 4-1 d> • G <0 

-H c X 4-> 4J 0) U 

0 0) >|4J <0 C > 4J 

Q) HH -H-H W 

X0l4-»0)01UOtT»3 

*0 41 gx id a *h 

0 C 3 (0 C (DT3 *<H 
4JQ)XCflHC-M-H 

ao) u m u 

d) (D - 4-> 0) 01 

3 *0 U 01 CL 4J 0) I-H u 

c m c o o ai <0 

•H 4-1 H O ^4 G 01 01 

4-1 **H 3 -r-» T3 -H * 

C X CJ> 0) 0) U 4-> 01 

OW401014J-hXX> 

UOU-hC oi cn o 

a <0 -UT3 -h x 

01 X 01 r-t *-H g (0 

<u 4JX qih cn 

3 u 4-> a ai coi'o 

01 dJ O Qi • *h C <11 

oi<uctnoG4JOH 

•H o U O <0 M-l 

> CL-H H 4J -H 

c O 01 • 4J 3 dS 4J 

•H H H 4J <W u ax c 

dJ X 01 O 01 3 4-1 01 

a O dJ O 4J CJ TD 

4-1.-HUCOU01-H 
o «H o V4 dJ 01 

^ 41 (Q 44 -H a U 0} 
EH u > U41 01 G C 

OdJOdJrHXOlO 
CL a N dl 44 ^ -H 

01 01 01 -H a 01 4J 

c U CH u 6<W « 

djdjdj-^oiooiai 
U a ^ 4J X UVj 3 
41 W4J 344<W acr 


CM 

co 



MID L/D AOTV CONFIGURATION SELECTION LOGIC 
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The modular configurations (4) and (10) were selected for the GEO 
delivery and manned round trip missions. Simultaneously with this selection 
process, aerodynamic characteristics were generated for short and long mid L/D 
AOTVs . The configurations selected were (1) and (7). The configurations were 
geometrically modified slightly to reduce the number of cases to be run. 
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AERODYNAMIC CHARACTERISTICS OF DELIVERY AND ROUND TRIP VEHICLES 






With the increased SDI activity, it would appear that projected 
missions exist that may justify, on the basis of cost, a program unique AOTV. 


<X> 

OD 


GO 



oo 



44 >1 Mi 

O C X o 

M 44 

Mi 44 i-4 >1 

(A (A 


0)0 <0 4J O 

•H **4 


,Q • C «H 0) rH 

X4X 


g 44 0) UUM 3 

E-» (A 44 


3 0) C 0) fO (0 0) 

W 


c W40U4J ax a 

•H 44 


c o x <o m 

• 44 O 


(00X044440)00)0 • 

t-4 


c o c x: ^ 

H (D (U 


T3 *n -r-t 0) (A 0)044 (OVO 

OX D> 


0)^44u^:o>cn «h 

44 (0 


•H O *H 0) C U 4 0>44 o 

O 44 


44V4C44(0<0(tJC O 

44 (A (A 


•rH rH 0^44 4H U'H O 

(0 


4 0 4 4 > C 44 

VO — > 


c 44 WT3 Qh >i <A O O 

o ^'O 


0) O U 4 g 4 N 

ro 0) 


T3 0) >1 <0 M» 0) *4 0) 44 rH 

(A 1 C 


•H x: u T)> H(0O 

a> x c 


H OX CP *H 

u O (0 

(A 

44 >44 - >t C -rH (A 

c — e 

> 

U 4 ro X 4 E <0 0) 

cp — - 

H 

<0 • g £ 1 W H 4 u 

*H > 

O 

uc^-i X'OflJlWO 

Cm H *D 

4J 

4000)00)4)X G CP 

O C 


C 4 44 H U 4 **4 *H 

C < o 

T> 

OU)U3C7»<0044 Cm 

•rH O 

0) 

U(A0)T3Ci-4CO lA — - 

tj» 0) 

(A 

*•4 Oi O ‘4 QU'4 u 

TJ C (A 

<0 

(A g 6 >1 0) (1)00 

(4 *«4 

x 

‘H C 4 U * (A rH W 

>1 >1 0) 


X (1) (OH u ^ KJH O 

(0 u x: 

CD 

430(0(00)0)0(0 

1-4 u 6-» 

u 

O 1 C UX4C T) 

a m 

(0 

44 -H (A -h C <4 — ' * C 

(A o 

a 

O C 0) O'O CdJEO 10 

•H • 

(0 

3HHtP(044U 

T> O C 

rH O Ml Ml O O O 

CP o 

44 

(0 -H o (0 DC EX 

(A Mi *H 

o 

0) JC O (A rl H 4 d 

•H (0 (A 


(A 4 0) C C X (0 

O (A 

U) 

(0 O > < 0 ^ O (0 c 

C *H 

<D 

x: 44 o -«4 a> • 4* <i> 

o cn e 

•H 

04 0) D>-H (A (A — - u 0) 

•H c 

44 

0 (( 1 C 4 <W 30 ) o J 

4 4 O 

•H 

C7>0)0)*H -H d) O >44 

3 44 U 

H 

C CJZ O 0) 6 H 0) 

*-4 (A O 

•H 

••4 0)44 (0 0) O 0>X) 

O *H 

X) 

Ml -«H rH cn>4 4 C 

> X TJ • 

<0 

3 (A 44 CU-h u 0 -HO) 

0) 0) 0) S 

a 

XJ 0) O (D 4 (D <N O «-4 

1 C cm 

f0 

4 <u > (00 4 a 

44 0) C 1 

a 

T3 O Qj-h .* > O 

O Mi (0 X 


o>x:>>i ^4C(Auo> 

aeo 

>i 

g 04X4 0) flj 0) 0) a 

€ 

w 

u (0 HT3 4 4 (/) 

Mi (0 0) TJ 

(0 

O d) £ (A (0 3 VO 

O ‘ CP 0) 

c 

44 ocecDCucpu 

44 (A (0 44 

o 

U *X o (A4 0 4 o 4 

0) 44 (0 

-H 

0) (A -«4 -H U Cm 44 O 

Ml N (A C 

44 

Qi> >1 (A 0) rH T3 — ^ 

OH | CP 


H (0 CA x: r4 t n 

x: rH O -H 

r4 

^OH4 40)U^ 0) 

44 -H £ 10 

O 

4< ag 44 <D rHO) 

O 44 44 d) 

> 

O (A 44 (0 C 44 3 C 

C 3 T3 

w 

^ 0)HH O W 4 O (A-H 

< (0 

> T3 (0 h CU4J 

C (A 


•H c D’DD 4 0J 4 

O 44 »«H 

ro 

44lAOWUwOOO 

•H O 

• 

o 0) *H (0 (0 44 Oi 

44 g 

r4 

(044 UT3WOI0W 

3 0) <4 


u 3 -h C4d(0<UC 

rH 0)44 

<N 

44 CPT? 0) (0 C 44 C (0 

O (0 (A 


44.HT3.C44fO 0 H 

> 44 >, 

ro 

(044 10 4 lA 44 KJ 4 4 

0) (A (A 


LU 



o 



< 


o 

0. 


UJ 

CO 


O 

LL 


O 

O 

2 

H 

CO 

CM 

1 

o 

LU 

h” «/» 

hO 

K 

< 

h 

— > 

Ik 

OC 

^ h“ 
GO O 

°z 

o 

0. 

0) 

<< 

<o 

> < 

si 

CL C/> 

o£ 
< 2 

3° 

r 1 LU 

z 

< 

cc 

1- 

o 

CO 

cc CO 
< 

<v 

0. Q 

OC 

UJ 

0. 

z 

o 

>§ 
< z 

CO 

OC 


UJ < 

o 

h” 

co X S 

2 u> 

D 

o 1 1 

r“ 

X 1 

_J 

O 

• 

• 

> 



LU 






cr> 

oo 


V04-1 106 009(T) 



in 

a 


, CM 

W d 2 

3 2 

t H O O 

2 3 2| 

NO Of I 

z « o. . 
O 5 ?< 1/ 


_j < -j 

— m 

> O , ^ 




LU 

2 X * 

< ^1 

> g ^ 

i§§ 

to o r* 

® in r 







7 

i 

* 

°i 

1 

in 

CO 


(L 

io h 


o5 = 


< -j 

5 “ 

5^ 


UJ • • 


DISTANCE ALONG CARGO BAY (INCHES) 720 


l/> • ^ 

03 T3 ro 0) 0) 

U fO I «-H *H 

(0 O X D> 

WHO CT3 

U >1 <0 

<1> (0 > 0) O 

4J OiH r-H 

C O >i 

-•H O ^ <0 

u c a 

4-> 03 O 03 -H 

x: x: \r-i t> 

D>4J X XO d) 

■H c <o u u 

H -P fl WO d) 

»w (0 4J 3 > 

03 O h 

C 0) I— I U 4J rH 

•h a d) <u 
u 3 Q)T3TJ 
m pwx; (0 
I ' 4-3 4J O (U 
33 0*0 HX 
O 3 CW >t4J 
U (0 O (0 
*0 -o CU0H 

03 03 - C O 

03 X O ^ 

(OWC-hOS 
X3 0) (0 4-> X3 
3w» agn 
a> u . <u xa 

U 4JH O rH O 

« a> x o 

0**0 3 

03 <d o-i © «* 

H\<DCOH 

a) X3 x: ** m • 

X 6 C 4-i if) O c\j 

4-> 03 id m u cr> 

w 4-> x: • O 

0) 03 4-3 03 G 

d) id u-h u ow 

4 J d) ^ d) ‘H IQ 
Id C N > 4J 
U O *H * *H U 0) 

-u -h c «h a> a> 

03 4J -H ^ 03 03 4J 
3 fl X O *0 G *h 
H w) O X H H 
rH 03 03 03 «H 

•H ^ O' 03 0) 

03 J* 4J (0 0»4-> 

0) U C CX (0 <c 
U (0 as 03 O -O 03 

D Qi4J a <0 03 

O' 03 CU Oi H 

•H U -H 0 O 
0-1 x: 03 3 03 «H 0H 
H-> N O i X3 O' 

0'**H -H 03 H C 4-4 

C > T3 -h C 
**H -H O 03 <0 
U - X U • rH 

<o c o o a> ^»h 

0H O \ I H C 03 
•H ro C X O a 
03 4J I O (0 3 O 

x: Id 32 C 03 JQ U 

H H O O 0u 

3 03 a 03 

O' 0) JZ 03 03 Q3 
•H X 4-3 *H O'rH 
OH 4-3 *0 *H XD 

C rH U <0 

O OH rH 03 03 0) 

U O < -H a 3 


SPACE BASED OH-3: LARGE 
HYDRAZINE DELIVERY TO GEO 




PO 

o> 


(X10I0-90I I fBA 


TJ 




03 


U 


o 

m 

<D 


»— 1 


4J 


>1 

-C rH 

C 


03 

Q) 4J 03 

(D 


CU«H 

C r-4 -n C 


• 

00 

»-• a) V4 

4J 

0 

>100 

P *r4 <U 03 

O 

w 

> 

jQ 4-> 4J - 4-> -H 

a 

p 


<0 II H H 1/1 X £ 

0) (UOlpHQJiJHD 

jC > 03 <0 S 0 ) r-» U 

/itP >0) OV-I p 

w^-h c cux:c^4J 

•H — U 03 • H 4J *H P 

X 03 *— I T3 >1> 44 

-M w a*-* a> rH cr»«— i H 
a> C c hj c»wo u 

C 03 03 *«H *H *H < O 

•*4 03 i-H C (0 4-1 (/) >1 44 



O CPflJJJ 

C O JQ 

0 ) 

m 

H C>i 3 

a> a 

x: 03 

1 

o 

D 03 T 3 4 J <D 

S 

>» w o 

O 1 --* 0 ) 

c 

O 4 -> 4 J XU'O > 

<D -H 


•H «•> i-H 

03 0 ) 

O 03 

4-1 

> 4 J 03 -H 

C 4 J -r 4 

a jj 

o 

03 JZ > 03 

O O JZ 

•r-» 0 


u os 

u c u 

CO u 

03 

C7>**-4 4-> d) 

C 03 


u 

03 *H 

•H •» 

0 ) 

-r-» 

03 £ 0 ) 03 

u a> 

* JQ 

4 -> 

O'X C -h 

OOX 3 

0 ) 

(A 

U 4 -» 0 ) 

4 J 

T 3 C 

•H 

03 03 03 C 

- a 

O 03 

k-* <— 1 3 C O 

03 T 3 03 

g U 

0 ) 

U -H *H 

0 ) 03 O 


4 -> 

>i-C 03 

03 O 

0 ) 0 

o 

u 4J Q) 03 

0 ) H 4 J 

> u 

03 

0 ) U -*4 

O >i 03 

*H P 

U 

> 5 03 £3 H 03 03 

03 4 J 

*0 

O 

OirH r 4 0 

-C 4 -> »— 1 > c 

>i 

P P 

o 

03 e* U 

•U C 03 

a u 


JS 03 O 3 

•H *H -H 

O 4 J 

03 

4 -J < X 3 

> sz 

U 03 

03 

Xi 

03 03 E-* 

a 

03 

03 4 -> T 3 03 

U 03 

V 

6 4 J C d> 

O' 03 

*-l C 


O JZ 03 O' 

a> * 

H 03 

T 3 2 *M *h 

d) u til 

03 

C 

■h T 3 u 

O O 03 

03 

03 

£ 03 03 

o c »-* 

C 4 * 


• O Q<T 3 -H 3 

03 C 

03 

C T 3 -H 

(D 4 J 

03 

U 

£ a> >i a> 

u 

C 4 J 

c 

O 4 J OJH 

C 3 


03 SZ 03 Q* CUTi 03 U 

0 ) 

g 

01 •-« *w 

H U -U 

C X 

u 

U 0 ) 4 -> 

0 *H 03 

O 4 J 

O 

01 O *H H 

O 4-1 

•H 

4-1 

•h wi; p 

u-h w 

03 * 

U 

0 ) 4 J 6 

C 03 

03 0 

0 ) 

a> os 

03 O' 0 

•f-4 U 

CliTD 03 03 

C -H U 

g 03 


o a> < 

4 U) 4 J 

JZ 

0 ) 

g u 

3 

4 -> a 

JZ 

<0 C X> CPT 3 

C « 


>1 • o 

c c 

(L) O 


U C -H 

0 ) 03 

D 6 


a» u o 4J 

03 4 J 

0 , 4 J 


> 0 ) *-4 03 

CP .-4 03 

03 03 


•H 0) 0) -H 

•H 3 

U 


-H X 0 ) T 3 

U 03 C 4-1 0 


03 4-3 -H 03 

03 03 03 

C JS 


T 3 4-1 6 U 

Ol. U 4 -» 

•H 4 J 






o 

UJ 

C/5 


00 r-> 

00 ° 


UJ 

Z 

N 

< 

QC 

D 

> _ 

X LU 

a 

< 

CD *“ 

co 

CO t- 
CO * 


O 

f I I 


CD 


% 

o 


5 > 


« > 

S§ CC 

cr 
x 


CO 

CO 

O 

-j 

> 

H 


> 

< 

a: o 

CO CD 1X1 

w w co 


O CD 
LU O 


m 

ii 

O 

LU 

cc 

< 

3 


o o 

UJ LU 
CO CO 


H H 


o 

_ CD 
O 00 
CNI 00 


II 


CO _ 
lO 

ii 

11 > > > 

Q. < < < 

CO H H 


O O 
O O 
O CM 
CD ID 

II II 


<3 <3 



a 


UJ 


CO 

s 

H 


LL 

A\ 

O 

o 

D 

LD 

/-«« 

ti 

UJ 

cr 


Q 

£ 

j 



LU 

o 


DC 

o 

LI- 

DC 

LU 

Ql 


> 

CD 

CD 

CD 

CD 

CD 

CD 

CD 



CD 

cc 

-1 

-J 

-J 

-J 

-J 

-J 

—1. 

___ J—l _ _ J __ 


—1 


o 

O 

O 

o 

O 

O 

O 

o o o 

o 

O 

LU 

o 


o 

o oo 

o 

LD 

CO 

O) CO CD 

LD 

CD 

CD 


CO 


o 


CM 

io I s 



> 

Iff 


LD 




cm' 

of C 


of 


CD 

o 

ID 




CO 

CM 


o 

Ij 


H 

Q. 






C co 

-J 



LU 


D 






D 



D 




LU 




2 co 






D 

n CD 

L— 



C/5 UJ 




CD 

< 

k 

a 

o 


CO 

< 


LU 

cr 

LU 

> 

-J 

LU 

D 

a 

< 

o 

-J 

> 

< 

CL 


LU 

z 

cr 

D 

H 

LU 

CC 

a 

< 

o 

_i 

> 

< 

CL 


W CD 
CM UJ 

r S 

* > 
z cr 
< Q 


a. 

O 

cr 

a 


> 

H 

O 

< 


> 

cr 

h 

z 

LU 


< 

> 

H 

o 

< 


UJ co 
CC CO 

*2 


< 

Z 

cr 

LU 


i- 

z 

< 


UJ 

Q. 

o 

cc 

a. 


co 

O! UJ H 

-J > ? 2 
CQ (E 2 — 
<uij > 

SS£ 1 

l-<Z* 

QOCOQ- 


5 

O 

_i 

o 




I 

t 


i 


LO 

o> 


V83-2102 005G 



T3 

0) O O <0 

<0 O WO 

£ m <u O »-h 

-X! I >1 

t/) m 4-i c (0 <d 

j* m TJ O D< SZ 

C — T3 <0 C TJ 4J 
<T3 CO 0)0) 

4JT5 (OH 0,C C ^ 

d) >,4J 4-> -H O 

OU W = <3 (0 44 

0^0 Vj 4-> 

u C W W OX1T3 

'0000)^4400) 

03 s .C C T3 

0) *«H 4-» <0 T3 «» P 

C T»'0 0) 4J 0) > <— » 

U C 44 TJ ^ CJ 

*0 > 1-4 O 0) 0) VI c 

r-4 i-4 t—K O'* 0) ‘H 

03 U) U C C 

>i D H (D (0 O C 

U O 4J H > -H 0) 

0) *H CJ rt3 /I4J (U 

d) 4-) -H u C 

0) U U» 4-4 0) »— ♦ **4 03 
03Q40) 03>f3.QfO 
0) >0) 4-> g XI 

x: 0) j: o o 

4-) O 0) 03 4J 4-) U * 

C£ > 

£ (0 4) O ^ <U<H 

4J S rH JC O 

•H U 44 r4 4J 4-> < 

> O O <0 D 

44 JD 03 C 0) 

m U C 0) ^ *rH O .C 

I 0) O > -h 4-> 

32 CU’*-4 u no - 4 J 

o 4) 3 I >i (0 Vj 

>1 U O 52 4J C O 

44 U 0) O -4 44 

O 0) 0) 0) U4J 

> U x: rH O 0) >1 

0) -H (1) £4 cH H 0) H 

CJ <— I 4-> (0 0) T3 •-« 

CO > C 6 > 03 , 

<g T3 *r4 * 03 03 CJ 

g = TJ 4J -H • 

uOO)CO)<0-HgC 

o w x: ^ x: o oso 

4404) P4)H O C -«-» 

»-i CQ >i4-> >1 0) 

0) d) 4-> 44 fO TD w 

QiX: ro 0) O OU C O *H 

H 0) -h u g 

>i CO*>iCO*0) 

U £ -H 4-> -4 -H <3 0) 

Q> . Q U -r4 U JZ 

> T3 X 0) rH 0) OT34J 

*H 0) 03 PU —4 O' C 

rH N XJ C 03 <3 U4 

(D a H 0) 0) 10 <0 4) O 

*0 rH —4 rH QiX ‘H >1 

(3 O' <0 CJ H4J 

0) U — C U = 6 0) H 

X 0) O-H O > (3 

Eh C W CO >i H -h 0. 

0)0= u * 44 01 

O' 0> 03 rH C 

O (U >4) O 3 ^ 

C 4J > *h *h O* CU 3 

0) UHX O 4J 

0)XC0)V4OU0) 
J3H 0^3 04) au 


lO 

cn 




CHANGE IN PAYLOAD VELOCITY: AV(FT/SEC x 10"») 





The evolution from a payload delivery mission model to a payload 
delivery/manned service mission model can be accommodated by the approach 
shown on the facing page. 
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The subsystem weight breakdown of the OH— 2M is shown. 
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AUSTERE 5 PERSON TRANSPORT CAPSULE 
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The installation of a 6 person transport capsule within H-1M is shown. 
This larger capsule leaves 3 feet of open space within H-1M for the addition 
of 3200 pounds of cargo while delivering 6 persons to GEO. 


H-1M: 6 PERSON TRANSPORT TO GEO 


t 




o 
o 
cc 
< 
UJ O 






o W 

•H 

>1 

W rH >1 
•H H 4J 
'O <0 -«H 
0) U UH 
H <0 'H **H 

3 ^ ^ J3 
in x rd (0 
a O £ Qu 
(Q^M o Id 
U 4J U 
<D 3 

-x x <o cr» 

X -X C 

O C -H 
Q 44 J ^ 4J 

(fliooo 

C rH rH 
(0 TJ Mh -h 
x <d a 

-X 4J 0 ) 

« X T) 

C U X 
O OT5 (d 

C/1 rH rH O 

x p xi 
<u c o 
aiuuc 
1 ) o 

VO X > 

Eh Cn 
0 ) 01 O C 
x <cJ < -H 

a> x tj 

a> *h 
in x x > 

3 O 4J o ‘ 
id h u * 

•w x aw 
c a o> c 
<0 o 

(DOC **h 
mh x x *h w 
O 4J XX w 

H X -H 
4J £ 

C C <D 
(DO £ T3 

£ «h • a> 
fl) x h * c 

D> ITS <D C C 
C u > O (0 
(0 p (D -H £ 

X CPrH X 
U «H (0 X 

id x <u u o 

CH OX 
rH O *"0 rH 

Id UT3 (D 
x mH ID X 
0 ) <n S X 3 
c *«h o in 
a> x 0 £ its 
cpx x id <d 

X U £ 

<D C 

X HX (U X 
E-» O £ C 
O <D 
• C W TJ 
CO P 
> -h £ u 

o o> o a 

X 0) x 
in ux id 


<D 

C X w 
0 ) cxx 
* 0 ui 

its 3J -H X -h 
XHX-H X 
3 <TS 4-1 0) 
a) in x 
x Q 4 0 o ai 
dj id 'O x u 
£ U-H c 
w <0 
w id c c x 

ciJOHid 
OX U >i(D 

■«H X rH 

XX ^x u 

o o a> 

<D H C X 

in c C a> c 
o in x Q) 
o -h a £ -w 

X <0 ITS U 
X X U U -H 
O I MH 
X CU) ux 
*H X C 
rH 4-» T5 cn 

in ns c 

id uc <d 

•H -H • 

C X X < >1 • 
> T3 X t TD C 

0 C «H < O £ 

X -H ^ x o 

in rH X X 

>1 in m rH in 

rH U ID Its 

rH x in o in 

id a) u c -h x 

X P O X c 

d) X o *H T3 O 

x uxcs 

ITS 4H U *H (D 

0 <u idh cn 

a x in >, c 

1 UX O (TJ 

CJ <D X x 

X O* <D <D X 

TJ <D C > X <0 

CShOX 
id icx x <d 

•H ITS U C X 

(TJ T o Id -H X 

I O CX 

OJHH x/ X 

rH UJH O 

- P C X £ X 

<XHX 

I in in 

< 0) -ox c 

x x x c 0 

in -u <d <D -H 

C > C £ x 

O<D<D<D<DI0 

•r» X £ > 5T» u 

4J <D O -X c O 

U X 33 tT» (0 rH 

<D ? x 

CO C x <u 

* • <d <0 in 

OQ in <D ID 

1 x XJ X X 

CQ P U X 

u in c 

x u id O x 

id ox u id 



AUSTERE 6 PERSON TRANSPORT CAPSULE 



NO FOODSERVICE 
NO BATHROOM FACILITIES 


A weight breakdown for the 5 and 6 person austere transport capsule 
shown. The 420 pound difference between the two capsules results from the 
additional person, and his supplies, and the enlarged structure necessary 
enclose a larger volume. These capsule weights are slightly less (6%) tha 
the Bare Bones capsule weights reported in Phase I of this study. 
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The 2-N 0 0 4 /MMH as a delivery vehicle is illustrated. The propulsion 
avionics module has been coupled with the flaps module to create a large 
capacity vehicle. The vehicle's nose deploys open and the engines are 
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The 4M-L0«/LH« with the nose deployed to a satellite servicing position 
is illustrated. ^The^engines are shown in their deployed firing position. 
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The conclusions we have reached from studying our modular vehicle 
concepts are summarized. 
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SPACE BASED VEHICLES ARE OPTIMIZED FOR MINIMUM WEIGHT 
GROUND BASED VEHICLES ARE OPTIMIZED FOR MINIMUM LENGTH 
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n 2°4 /mmh offers many advantages over the other propellants we have 
studied. This propellant is space storable, familiar, common to the OMV, 
has an engine development program well underway. 
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MANIFESTING METHODOLOGY: MISSION MODEL 


ID 

Q 

O 


CO 

CO 


< 

CO 

< 

Z 

* 

00 

01 


cc 

ID 

2 

2 

3 
</) 


K 

< 

K 

0) 

ID 

o 

< 

ft. 

CO 

cc 

< 

ID 


< 

h 

(O 

ID 

O 

< 

CL 

</) 

CC 

o 

u. 

0) 

I- 

z 

ID 


= Ui 


0) 

UJ 

E 

O 

H 

O 

ID 

“9 

< 

CC 

h 

ID 

0. 

< 

O 

</) 

ID 

z 

K 

CC 

< 

ID 

CC 

O 

LL 

(/) 

ID 

H 


— ID 


s * 

ujOZ 

^ ID O 
CO tn _ 

ID U H 
K«0 < 

□ co £ 
J h O 

ID - J 

hj 0. 

< £ x 

CO O UI 


Ui 

Q 

o 

2 

< 

CO 

< 

z 

O 

h* 

CO 

Z 

o 

P 

5 

Q 

< 


2 

cc 

o 

u. 

I- 

O * 

§2 

Oo 

5 cc 
? o 
O 5 “■ 

< s s 

2d 

CO Z 
nr UJ 

o> 

LL 00 


5 

CO 

UJ 


0. 

CO 

cc 

o 


CO 

UJ 


3 h h 

2zz 

s < < 

O _i _j 
s J J 
5 UJ UJ 
w Q. CL 

2 o o 

I- cc cc 

CO CL ft. 

O > > 

O 2 2 

Zj O O 


co 

UI 

Q 

0 

Q CO 

|d 

5 o 

z m 

1 w 

s o 

Q U- 
Z CO 
3 * 
O Z 

§ •" 

m ® 
CD < 

O h- 

o | 

U. 2 

ID 
CO " 

uj £ 

2 3 
Z 

ID Q 

> Z 

00 < 

I- H 


UJ UJ 
ft. CL 

o o 

CC CC 
CL ft. 

o o 


ID 

o 

o 


co 

CO 


O 

H 

CO 

I- 

z 

ID 

2 

h 

CO 

3 

3 

< 


o 

UJ 

o 


Q 

< 

O 

_l 

>- 

< 

ft. 

>• 

> 

< 

ID 

z 

>- 

cc 

UJ 

> 

cc 

o 

o 

z 

o 


co 

Q 

< 

O 

-1 

> 

< 

ft. 

UJ 

3 

O 

< 

> 


o 

z 

UJ 

-I 

«0 


>. H 

E co z 

UJ O 0 


o g 

o 2 u. 

CO J p 

< < z 
Od< 
O O 3 
O uj O 


-I 

UJ 

o 

o 

2 

a 

UJ 

h 

o 

UJ 

-J 

UJ 

CO 



& 

o 


N 

o 


1995 TO 2000 (6 YEARS) 

TOTAL OF 179 PAYLOADS (~30 PAYLOADS/YEAR) 
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GOOD FIT" INITIAL CONDITIONS FOR 
THIS STUDY (cont) 
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STUDY RESULTS: LARGE vs SMALL OTV 
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IF EXTERNAL TANKS MUST BE DROP TANKS, LARGE VEHICLE SAVES ~ $210M OVER 6 
YEARS 
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Current NASA studies also include AOTVs in the L/D range of 0 to 0.75. 
Candidate configurations include several that employ a fabric surface and one 
that is inflatible, a ballute. We have performed a cursory review of these 
configurations and have listed here some of the main aerothermodynamic issues 
that we feel need increased attention. 
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3.3 Propulsion S/S 

3.3.1 Mid L/D Base Flow Wake Closure and Separted Flow Heat Transfer 

Engine choices being considered for the Mid L/D AOTV range from 
large 15 to 20K lbs thrust engine to six small 2500 to 4000 lb engines, 
the engine nozzle(s) is allowed to extend beyond the end of the vehicle 
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Prior to selecting a narrow class of biconic mid L/D AOTVs, estimates 
were made of the impact of direct flow impingement on engine nozzles 
protruding from the AOTV aft end. Results are outlined in the Figure. 
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Prior to selecting a narrow class of biconic mid L/DC AOTVs, estimates 
were made of the wake flow expansion angles for a range of AOTVs using an 
assumed specific heat ratio of V = 1.4, and the procedure outlineHon Page . 
Results are summarized on the following page. 
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Conclusions drawn from review of the results summarized on the previous 
page are listed. 
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SUBSTANTIAL UNCERTAINTY EXISTS RE PREDICTING £ & A £ AND UNCERTAINTY IS 

GREATER AT HIGHER ALTITUDES (LOCAL BL EDGE CONDS) 



CALIBRATION OF METHODOLOGY 
LOW REYS 5 HIGH TESTS 


The second part of AOTV hypersonic separated base flow computations 
involves prediction of the heat transfer to a vehicle with a flat base, then 
with engine nozzle extended into the separated flow region, and finally with 
body trim flap present. 
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ESTABLISHED METHODS USED TO PREDICT SEPARATED FLOW CONVECTIVE HEAT TRANSFER TO 
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(AdCCKl CORRELATION PREDICTION 



The complex geometrical relationship of body flap induced heat transfer 
amplification on the SSMEs due to shock impingement is illustrated for the 
Space Shuttle Orbiter. 
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Extension of the engine nozzles into the separated flow base reg 
produces heat transfer rate amplification of X10 on the nozzles, accord 
the STS data provided by Foster. Additional heat transfer amplif icatio 
was observed due to STS body flap deflection induced shock impingement. 
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The analysis of the retractable Rocketdyne 7.5K nozzle showed that the 
stresses in this larger nozzle are even smaller than in the Aerojet nozzle. 
The Rocketdyne nozzle should also be compatible with multiple reuse in a 
ground based/shuttle launched operation scenario. 
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Redundancy considerations degrade vehicle performance through the 
addition of weight and/or the decrease in subsystem performance. In the H-lM 
vehicle, the reliability requirement of fail safe/fail safe necessitates the 
addition of components to the six fixed engine configuration. Operational 
conditions on the vehicle, such as a center of mass offset, also degrade 
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The facing page lists the engine failure cases studied in the analysis. 
These conditions represent all the possible engine failure cases within the 
realm of the selected fail safe/fail safe design criteria. 
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IMPLICATIONS OF H-1M ENGINE FAILURES 
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SHUT DOWN ENGINES 




A third method of correcting for thrust vector/CM misalignment under 
two adjacent engine out conditions in the H-1M vehicle is the use of Y-Z plane 
thrusters during the main propulsion burns. The Y and Z plane thrusters are 
used for moment compensation. The weight penalty at liftoff for availability 
of this operational mode is 590 lbm. This represents the weight of the 
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RADIAL ACS vs THRUST PITCHING MOMENT 
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The hinged engine concept on the H-lM vehicle was found to be the most 
attractive method of providing fail safe/fail safe operation of the engine 
subsystem. Because the hinge angles required for thrust vector alignment 
under all two engine out conditions are small, the engine location remains 
unchanged from the six fixed engine H-lM and maintains the packaging 
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CONCLUSIONS OF H-1M ENGINE 
FAILURE IMPLICATIONS 
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SPECIFIC IMPULSE vs THRUST LEVEL FOR AN 
ADVANCED CRYO OTV ENGINE 



V84 1106-024(T) 


The table on the facing page presents calculated values for the 
parameters considered in this tradeoff study. All configurations, with the 
exception of the baseline 6 fixed engines, meet the fail safe/fail safe 
criteria. 
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RESIDUAL PROPELLANT & PROPULSION 

SYSTEM TRADE 



CONFIGURATION DOES NOT MEET FAILSAFE / FAILSAFE CRITERIA FOR ALL CM POSSIBILITIES 




























































The facing page defines the pertinent subsystem weights (in pounds) of 
the three cases considered in this study: A, B and C. In the upper table. 
Case A uses the values for change in AOTV aeroshell weight which were obtained 
in Phase I of this study. Case B defines an AOTV with an exposed nozzle 
durina fliaht. It assumes the AOTV aeroshell weight is independent of the 
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The major conclusions we derived from our generic propulsion system 
trade are listed on the facing page. 
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FLIGHT TEST DATA REQUIRED BEFORE THIS DESIGN TECHNIQUE 
CAN BE USED , 





The figure repeats the tables of Page . The new elements in this 
figure are the TBD values of the figure on Page , which have been replaced 
by the appropriate values that correspond to the advanced aerodynamic 
knowledge that is presupposed by this figure. 
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FOR MAN-RATED VEHICLES, FOUR 3000 lb jF THRUST ENGINES 


Alternate Propellants 
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ALTERNATE PROPELLANTS 
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The characteristics of solid metastable helium, a possible material 
which has been considered for uses as an explosive and/or as a high energy 
propellant is outlined. At this time there are at least two unknowns which 
present serious consideration of MSH as a propellant for an advanced AOTV. 
These are: 
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SOLID METASTABLE HELIUM 
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The facing figure illustrates the data used in evaluating alternate 
propellant choices of L 0 2 /LH 2 . The bottom graph of the figure presents both 
the specific impulse and propellant combination density at the I optimized 
mass ratio. The upper table lists two figures of merit for the ranking of 
propellant combinations. The specific impulse measures the impulse received 
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Some of the chemical, physical, and thermal properties of 
tetraflurohydrazine are listed in the figure. A summary of a material 
compatiblity study performed by Aerojet is also shown. 
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PROPERTIES OF TETRAFLUOROHYDRAZINE materials compatibility information 
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Local hypersonic heat transfer to a fully catalytic surface at several 
angles of attack ( Q(J has been computed employing the 3D viscous boundary Q 
layer code (3VFF). Axial distributions along the windward meridian at Oi - 15 
for several missions are illustrated. The circumferential distribution at the 
end of the aft frustum is also illustrated. Note from the wide differences of 
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Using the heat transfer distributions described on the previous page 
and the parametric trajectory results previously reported, local maximum heat 
transfer rate distributions for the windward meridian have been generated for 
several AOTV missions for a fully catalytic surface. If a high temperature 
coating could be developed that exhibited a totally non-catalytic surface, it 
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* SOLVED FOR STRUCTURE LOADING AT TWO STATIONS 

• COMPARED STRUCTURE MASSES TO WITHSTAND LOADINGS 


In the analysis of the ground based case the load factors were applied 
to the vehicle masses and reacted by the Orbiters "five point" suspension 
system as used by NASA. Overall shears, moments and end load diagrams are 
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For shell analysis a load summary was made at the two stations of the 
AOTV where the bending moment was maximum; Section A-A at the forward Orbiter 
support and Section B-B at the aft support. The shear load is carried in the 
shell skin. The moment and end loads are combined to give tension/compression 
desiqn loads for the shell in pounds per inch of shell periphery. For the 
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For the shell structure that withstands moment and end loads a ratioing 
of the unit loads is used, ie., for section A-A the ratio is SB Unit End 
Load/GB Unit End Load (49.5/18.5 - 0.27). However, the shell must support the 
TPS, maintain contour for air loads and provide micrometeorite protection so a 
shell and frame mass reduction ratio for the SB AOTV compared to the GB AOTV 


I 



co 

u 


c 

o 


PQ O 

M-l 


IQ -H 



4J 

0) 


TO f0 

a 


C U 

cC 


f0 d) 

CO 


a 



00 o 

0 


a 

jC 


0) 

X 


Q) u 



x 

0) 


H Qj 

XI 


co 



u 

r- 1 


O MH 

1— 1 


M-4 -r-t • 

•H 


TO 

* 


4J * 0 



C V4 o 

CO 


0 0 G 

TO 


«H > TO 

<0 


<0 <D 0) 

O 


> £ w» 

rH 


**-♦ o 



G SC 0 

0 


O 1 X 

X 


0) 

4J 


• c 



*0 CO <0 

TO 


0 -H u 

C 


£ h 



G 0 O 



W 4J-H 

>i 


W *H Jj 

u 


(0 u (0 

4 J 


u u 

c 


c 

(U 


0 c co 

1 


(!) 

0 


ja-nx 

u 


co 4J 



co 0 

cn 

• 

(0 *0 w 

c 

a> 

x a) 

•iH 

H 

rH U 

U 

X 

0 <0 G 

G 

<0 

u O iO 

TO 

> 

3 -H l/l 


0 

4-> -U 0 

>i 

•w 

U -r4 U 

rH 

X 

3 Vj a 

c 

O 

u u 

o 

<0 

4J U 



CO 0 0 

TO 

TO 

^ £ 

0 

0 

0 g o 

CO 

U 

CT> CO *-H 

G 

0 

<0 CO 


TO 

^ 0 X 

0 

•H 

C u 4J 

w 

CO 

<0 Q«*H 

CO 

c 



o 

o 

CO 

u 

> X 0) 

04 


Eh C 

cO • 


O 0 O 

rH 03 

•H 

< GTO 

a 


TO 


VO 

0 

TO 

9 

0) X 

G 

O 

0) 

c0 


co C 


MH 

co (0 

03 

0 

u u 

C/3 


SPACE VS GROUND BASED SUBSYSTEM MASS REQU I REMENTS 
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While considering the implications of basing an AOTV at Space Station, 
a major concern that surfaced was the ability of Space Station personnel to 
adequately inspect an AOTV both after a flight and prior to a flight, so that 
the structural integrity of the AOTV can be assured before the start of a 
mission. To deal with this issue, we have offered the positive assessment 
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The feeing page outlines some of the characteristics of an acoustic 
emission (AE) system for use in a biconic AOTV. The system is composed of an 
array of lightweight sensors, located at known places on selected structural 
members. By mathematically manipulating the signals received from several 
sensors (i.e., triangulation), a zone which contains a damaged member is 
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IMPACT DAMAGE DETECTION USING 
ACOUSTIC EMISSION (AE) 
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The Figure highlights some current usage of AE technology in the 
aerospace field. Flying AE systems are in use in Canada and Australia. At 
Grumman, we have used AE in static tests- on aluminum and composite structures. 
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PRESENT IN-FLIGHT SYSTEMS IN AIRCRAFT 
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The Figure lists some new technology efforts that will be helpful to 
the use of AE on AOTV. Some of the damage which may occur to an AOTV results 
from impact with particles of various sizes at hypervelocities (e.g. f 15,000 
ft/sec relative velocity). Since the acoustic signature of these types of 
impacts are presently unknown, some technology development work will have to 
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NEW TECHNOLOGY NEEDED FOR IMPACT 
DAMAGE DETECTION 




LU 

o 

< 

2 

< 

Q 

O 

K 

CO 


< 

m 

K 

O 

LU 

H 

UJ 

G 

o 

H 

w 

< 

Z 

o 

53 

co 


LU 
-J 
CD 
< 
cc 

CO 
LU 

Q 

LU 

< 

O 

z 

CO 

G 

H 
O 
< 
o. 

- I 

G H 

O 
CC 
LU 

LU 

2 
o 
cc 
o 


G 

LU 


= < 


2 

LU 

o 

K 

CO 

8 

< 

LU 

CO 

G 


G 

2 

55 


o 

LU 

LL 

U. 

LU 


O 

O 

z 

G 

Ui 

G 

G 

LU 

CD 

2 

LU 

CO 

G 

E 

O h- 
co w 
o W 

P=! 
cc P 

LU LU 
2 2 
LL 

O 

O LU 

5 < 
LU U. 

CC 


LU 


55? 


LU 

o 

cc 

< 


z 

o 

G 

LU 

a 
z 
o 

CD 
CC 

o 

LU CO 

H W 

< t 

a co 

O o 

-1 CL 


cc 

< 

LU 


cc 

o 

H 

Z 

o 

2 

O 

h- 

co 

cc 

o 

H 

u 

LU 

H 

UJ 

G 

o 

z 

o 

co 

< 

CC 

H 


co 

> 

is 

S| 

< o 

X co 

CL < 

GO 

Z LU 

^ E 

gP 

uj 2 


£ G 


O 2 

lu a 

CO LU 

G CC 


LU ™ 


< 

G 

LU 

< 

LL 

O 

z 

o 


G 

LU 

CC 

cc 

o 

Li. 

CO 

CC 

LU 

H 

G 

a. 

2 

O 

o 

G 

X 

< 

o 

cc 

z 

o 

G 

UJ 

N 

E 

G 


< 

Z 

I 


2 

< 

5 

5 

3 

(E 

0 




oo 

! 


1590 025<T> 


In general, auxiliary external main propulsion tankage has 
applicability to any AOTV. For biconics, it allows a significant increase in 
mission capability even though the normal AOTV tanks are confined within the 
fixed envelope of the aeroshell. Auxiliary external tankage can be used in 
one of two ways: 
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LOW-COST DISPOSABLE TANKAGE BY 
BULGING PREFORMS 
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The Figure depicts the process of bulge-forming. The right side of the 
figure shows a cylindrical preform (upper left part) which becomes an 
ellipsoid (upper right part). The process is shown schematically in the lower 
right part of the figure. Internal pressure at cryogenic temperatures causes 
the preform to yield substantially as it becomes ellipsoidal. A similar 
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TANK BULGING: PREFORMS TO POSTFORMS 
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The Figure outlines some of the material characteristics needed for 
bulge-formed tankage. It also lists some additional reasons why this is a low 
cost fabrication process, and, why the resulting tank is structurally 
efficient. 
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MATERIAL SELECTION CONSIDERATIONS 
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BULGING ECONOMIC OPTIONS 
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SOME POSSIBLE SOLUTIONS FOR ROLL-UP 

TANK PROBLEMS 


t 




CO 

LU 


X 

X 

< 

C/D 


s 

X 

x 

Q 

LU 

I 


C/D 

is 


C/D 2 
UJ O 

a - 

Q 

UJ 
LU l 

E c 

*” UJ 

H Q 

< Z 

ui 3 

2 3 
o § < 

- o>; 

* =2 

h uQ 

3 -J < 

0 <C 

1 cco 
H So 

Cfl Z 

< D 
uj z 
W uj 
=> CD 


5 

X 

X 


C/D 

CC 

UJ 

> 

O 

0 

UJ 

a 

a 

UJ 

cc 

UJ 

1 
H 
LU 

> 

CD 

> 

O 

< 

Z 

S 

CC 

UJ 

C/D H 
LU UJ 

O O 

< z 

LL — 

CC D 
3 Z 
CO 


o 

CC 


I 



1 
o 

X 

2 
a 
z 
< 
CO 
UJ 

o 

< 

li- 

ar 

X 

co 

I- 

< 

-i 

LL 

UJ 

Q 

> 
O 
X 
t L 

X 

o 

X 

5 

CO 

UJ 

o 

Q 

UJ 

X 

< 

UJ 

Z 

CO 

X 

UJ 

o 

< 

X 

CO 

X 

o 


X 

UJ 

X 

H 

o 

X 

o 

UJ 

S 

o 

X 

LL 

co 

UJ 

a 

< 

LL 

X 

X 

CO 

D 

LU 

Q 

Z 

X 

O 

X 

UJ 

X 


x 

X 


o 

X 

a 

z 

X 

X 

D 

CD 


UJ 
h- 
< 

X 

< 

X ^ 

uj n 

co g 

UJ 

X 


co 

CO 

UJ 

z 

* 

a 


co 

co 

UJ 

> 


< 

2 

O 

H 

X 

O 

x 

0 
X 
X 
LU 

CC 5* 

< s 

Jg O 

1 3 
g ° 
fe 1 

i o 

_ LL 

o - 
Z 9 
uj 6 

® # 

III 

X « 


& 

<£ 

1 5 

°il 

uj o 

O uj 

CC 3 
3 O 

O LU 

o S 

>9 

-J UJ 
“ H 

S< 

si 

is* 

d d £ 
5>o 
ocg 
zog 

Q X _i 

-JQ. < 

uj u. a 
>03 

* UJ H 

o<£ 
C\l O U 
o uj co 

n’“0 

h*n 

<~° 

go 52 

ii x X 

vu LU h- 

O 


I 


oo 

C\J 

ro 


(±ll E0-06SI 


The AOTV vehicles experience aerodynamic heating effects at hypersonic 
velocities in the super-orbital speed regime. In addition to a significant 
convective input from the high energy boundary layer, a considerable radiative 
component may exist (on some AOTV configurations) due to the degree of 
ionization in the boundary layer. Historically, the thermal protection 
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POTENTIALLY ATTRACTIVE ADVANCED 
STRUCTURAL MATERIALS 
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COMPOSITE MATERIALS 
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Some characteristics of four metal matrix materials are described on 
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The figure displays some characteristics of advanced aluminum alloys, 
allow 500°F temperatures. Others permit lighter aluminum structures at 
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ADVANCED ALUMINUM ALLOYS 



1590 - 034 ( 1 ) 


An analysis was conducted of typical aircraft fuselage structures to 
determine what proportion of the structural weight was designed to the four 
strength criteria shown in the left column of the figure. The right column 
displays the results of this analysis. The vast majority (60%) of weight w 
designed by ultimte tensile and compressive strength. 
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PROJECTED PERFORMANCE OF ADVANCED 
MATERIALS FOR FUSELAGE STRUCTURES 



The effect of subsystem weight reduction and other performance improvements 
on the AOTV propellant transport cost to LEO have been evaluated and summarized 
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Additional technology advance benefits in the areas of improved 
aerodynamics and GN&C have been identified in the ground based Part I of this 
study and are still considred applicable here. The importance of some of the 
technology issues more nebulous to quantify for the ground based mode, is 
still applicable for the space based mode. 
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